
The main characteristics of the 39Ar and 85Kr b decays
are summarized in Table 1. Since both decays are classified
as forbidden unique b transitions (DIDp ¼ 2"), the b
spectrum is not described by the usual Fermi function.
For the present work, we assumed the b spectra from
Ref. [5].

The GEANT4-based simulation is used to generate
normalized spectra siðEÞ from the different radioisotopes,
taking into account the energy resolution of the detector.
The isotopes from the natural radioactive chains are
treated independently. A w2 fit of the experimental
spectrum F ðEÞ is then performed in the energy range from
100 keV to 3MeV with a linear combination of the single
components, i.e.

F ðEÞ ¼
X

i

wi % siðEÞ (2)

The coefficients wi are treated as free parameters and
represent the counting rates induced by the single sources.
In Fig. 3 we show the experimental spectrum, super-
imposed with the output of the fit (i.e.

P
wisiðEÞ). The fit is

satisfactory in all the energy range considered. The signals
from the most important external g-ray radioactivity
sources and from internal contaminations are shown in

Fig. 4, as derived from the analysis of the experimental
spectrum.

4. Discussion

Fig. 4 shows that the energy region of 2–3MeV is
dominated by interactions of g-rays from 232Th daughters,
the region of 1.5–2MeV by g-rays from 238U daughters and
the region of 0.5–1.5MeV by g-rays from 60Co and 40K.
Below 0.5MeV the main contribution comes from b decays
from internal contaminations of 39Ar and 85Kr; the two
isotopes account for 65% of the total counting rate
between 100 and 500 keV.
The cosmogenically originated 39Ar contamination of

natAr in the troposphere was measured in Ref. [3] to be
ð7:9& 0:3Þ ' 10"16 g=g; the quoted error was statistical
only.2 Since the liquid argon used for the experiment is
produced from the atmospheric gas, a similar 39Ar/natAr
ratio is expected to be present in our sample.

85Kr is mainly produced as a fission product of uranium
and plutonium. Its abundance in the atmosphere is of the
order of 1Bq=m3, corresponding to about 4'
10"15 gð85KrÞ=gðnatArÞ in air. Nevertheless, the distillation
procedure for the production of liquid argon substantially
reduces the 85Kr fraction. The residual 85Kr in liquid argon
may vary in different batches of liquid.
In order to better show the Ar and Kr signals, Fig. 5

displays the spectrum obtained from the experimental data
after subtracting the fitted contribution from the other
sources. The single 39Ar and 85Kr contributions can be
disentangled from the different end-point energies, 565 keV
and 687 keV, respectively. Since 85Kr and 39Ar decays
populate the same energy region of the spectrum their
estimates are anti-correlated, as displayed in Fig. 6.
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Fig. 3. Black histogram: background energy spectrum observed running
the 2 l detector deep underground at LNGS inside a 10-cm- thick Pb
shielding. The superimposed red histogram is the result of a fit with a
Monte Carlo simulated signal (see text).

Table 1
Characteristics of the b decays of 39Ar and 85Kr

Isotope Half-life (y) b end-point (keV) b mean energy (keV)

39Ar 269 565 220
85Kr 10.8 687 251

Fig. 4. The energy spectrum observed with the 2 l detector can be
reproduced by (a) an external component dominated by interactions of
g-rays coming from U, Th, 60Co and 40K radioactivity of the materials
surrounding the liquid argon; (b) an internal component dominated by
39Ar and 85Kr b contaminations inside the liquid argon.

2The 39Ar/natAr ratio was measured for dating purposes. The knowledge
of the absolute 39Ar specific activity was hence not necessary.
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